Two explanations are offered for the lethal action of ionizing radiations on living cells. The first postulates a direct action of the radiations on genetic material; the other assumes that an initial change takes place in the medium or at some nongenetic locus and that this change brings about lethal effects in the cell. The work of Hollaender et al. (1951) and Burnett et al. (1951) supports the latter theory. Similarly, the work presented in this paper further supports the indirect action theory by describing a protective effect of catalase for anaerobic bacterial spores when catalase is present in the suspending medium during irradiation. Obviously, such protection of anaerobic bacterial spores will probably increase the amount of ionizing radiations required to sterilize foods containing catalase.
MATERIALS AND METHODS
Spores used in this work were grown, harvested, and suspended in distilled water as described by Kempe et al. (1954) .
Immediately prior to use in an experiment, the stock spore suspensions were shaken with glass beads for 5 min to disperse the spore clumps. The desired quantity of spores was next pipetted into a sterile test tube and heated at 85 C for 15 min to kill the vegetative cells. The spore suspension was then diluted into the final solutions to be irradiated.
The control for these experiments was sterile phosphate buffer to which only the spores of either Clostridium botulinum 213-B or Putrefactive anaerobe no. 3679 were added.
Purified crystalline catalase for this work was obtained from General Biochemicals, Inc., Chagrin Falls, Ohio. For use in an experiment, phosphate buffer (pH 7.02) was sterilized by autoclaving. Following this, 60 mg of catalase was added to 14.5 ml of the cooled experimental solution and then 0.5 ml of a spore suspension was added to both the control and the catalase solutions.
Four ml quantities of these preparations were pi- petted aseptically into sterile 5-ml glass vials which were finally sealed in an oxygen flame. Irradiation was carried out in an ice water bath in the center well of the large cobalt60 source in the Fission Products Laboratory at The University of Michigan.
After completion of the irradiation, a sample from the irradiated or control (0 hr radiation) vial was withdrawn, diluted to the proper spore concentration, and counted using techniques previously described by Reed et al. (1951) .
RESULTS AND DISCUSSION
The survival of spores of Clostridium botulinum 213-B after varying exposures to Co60 gamma radiation either in a phosphate buffer solution or in a phosphate buffer solution containing catalase is shown in table 1 and figure 1. In the control solution, 35 spores per ml remained viable after 8 hr radiation from an original population of 15,000,000 per ml. In the solution containing catalase, 59,000 spores per ml were viable after 8 hr irradiation from an original population of 16,900,000 per ml. This represents a 1500-fold increase in survival caused by the addition of catalase.
Similarly, the effect of catalase on the lethality of 0oflo gamma radiation for the spores of putrefactive anaerobe no. 3679 is shown in the table and the figure.
Here 145 spores per ml were viable after 7 hr irradiation in the control solution as compared to 179,500 spores per ml after a similar dosage of gamma radiation in the solution containing catalase. This represents a 1250-fold increase in the survival ratio.
Inasmuch as many investigators, including Allen (1954) , have reported that hydrogen peroxide is developed during irradiation of water by gamma rays, and as Curran et al. (1940) reported that the sporicidal action of hydrogen peroxide could be dissipated by catalase, the inference is drawn that catalase protected the anaerobic spores tested in this work by destroying hydrogen peroxide that was produced in situ by the irradiation treatment. This is evidence for the indirect lethal action of radiation on anaerobic bacterial spores. The magnitude of the observed effect suggests that the sporicidal action of gamma radiation may be largely indirect in nature.
The protection of anaerobic bacterial spores against the lethal action of ionizing radiations by catalase must be considered when the sterilization of raw foods by such radiations is contemplated. ACKNOWLEDGMENT This paper reports research undertaken in cooperation with the Quartermaster Food and Container Institute for the Armed Forces, and has been assigned number 745 in the series of papers approved for publication. The views or conclusions contained in this report are those of the authors. They are not to be construed as necessarily reflecting the view or endorsement of the Department of Defense.
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Catalase present in the suspending medium during irradiation significantly reduced the lethal action of gamma radiation from cobalt6O for anaerobic bacterial spores. This finding supports the theory that the lethal action of ionizing radiations is at least partially due to secondary effects of the irradiation. Furthermore, such protection of anaerobic bacterial spores is important when sterilization of foods containing catalase is considered inasmuch as it will likely increase the dosage required.
Laboratory studies of broad-spectrum antibiotics for food preservation are well documented. Primarily, these studies attempted to extend the edible life of highly perishable commodities.
Economic loss accruing to both processor and consumer from spoilage of such commodities as poultry, beef and comminuted meats, leafy vegetables, and fin and shellfish, approaches the astronomical. Of these, shellfish have received comparatively little study. As a group, however, they are probably the most highly perishable of all food items; bacterial decomposition proceeds with extreme rapidity shortly after landing. Surprisingly enough, however, the industry's annual loss through spoilage is lower than would be anticipated. This is due to the fact that the processor is forced to place his product into commercial distribution channels shortly after the catch is brought in. Thus, he creates an unstable economy for himself, and is unable to seek additional markets in areas beyond the present transportation-storage life of his product.
Present cold storage conditions normally obtained in processing plants can preserve the typically fresh flavor and appearance of crabmeat from 3 to 10 days and up to 15 days for oysters depending upon the degree of bacterial contamination during picking and/or shucking and packing. Apparently, cold storage alone is not sufficient I Presented to the Society of American Bacteriologists. Detroit, Mich., May, 1957. to prevent deterioration caused by the rapid proliferation of psychrophilic bacteria commonly found in crab and oyster meats. Supplementary treatment appears necessary.
Although no definitive bacterial study of crabmeat spoilage has been made, between five and ten genera have been isolated from spoiled meat (Fieger et al., 1956; Gardner and Watts, 1956) . For this reason, it was believed that the broad-spectrum antibiotics, particularly the tetracycline group, supplementing refrigeration, might secure additional storage life. The investigation to be reported was undertaken in an attempt to test this hypothesis.
Although shellfish, including both mollusks (oysters, clams, snails, mussels, and scallops) and crustaceans (crabs, lobsters, shrimp, and crayfish) have great commercial value, comparatively few reports concerning their preservation have been published. Farber (1954) reported oxytetracycline and chlortetracycline to be ineffective for shrimp preservation. This has been supported by recent findings of Tomiyama (1955) and Fieger et al. (1956) .
Wrenshall (1956) reported a 5-fold increase in storage life of lobsters and clams treated with oxytetracycline. The data to be reported here were obtained from the treatment of fresh crab and oyster meats with oxyand chlortetracycline.
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